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Introduction

Within the l ast decade, air pollution has become a
serious problem.

The increased concentration of many

pollutants in the atmosphere presents a threat to the
very existence of l iving things.

Air pollution is, for

the most part, a phenomenon of urban living that occurs
when the capacity of the air to dilute is overburdened.
An increase in population, industrial growth, and a high
degree of dependence on the motor vehicle caused new gaseous
and particu l ate emissions to complement, interact with, and
further complicate the traditional ones (Train, et . al . ,
1970) .

Air pol l ution can occur in the form of gases, solid

particulates or liquid aerosols .
separatel y or in combinations.

These forms can exist either
Gaseous pollutants constitute

about 90 percent of the total mass emitted to the atmosphere,
and particulates and liquid aeroso l s make up the other 10
percent (Morgan , et . al . , 1970).
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Gaseous pollutants are evolved primarily from the
combustion of fuels and refuse .

In the case of sulfur

oxides, the burning of high-su l fur fuels in stationary
sources is the primary source.

Motor vehicles accou nt

for most of the carbon monoxide and hydrocarbon emissions
which result from the incomplete combustion of the fuel
used (Wolman, 1968).
The term particulate matter, is a general one
and includes numerous pollutants.

Particulates are

emitted by a diverse group of sources and vary over a
wide range of sizes, shapes, densities, and chemical
composition.

Combustion of fuels,

incineration of waste

material, and industrial losses are responsible for the
major share of particulate matter (Train, -et. -al., 1970).
Abrasions and wear of material plus reentrainment resulting
from vehicle traffic and wind action make a small contribution to the total burden.

Particulates are a significant

problem because of their widely varying economic and biological effects (Morgan, et. al., 1970).

According to data

from the National Air Surveillance Network (Middleton, et .
al . , 1970), a definite relationship was shown concerning
population, industrialization, and atmospheric particulate
concentration.

Particulate air pollution is both source and
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location dependent as well as a function of meteorological factors.
Previous studies (Nadler, Goldsmith, et. al., 1970)
indicate that high levels of concentration of lead,
sulfate, and benzene pyrene in the atmosphere affect organisms.

These studies also show that the level of concen-

tration of these pollutants is highly correlated with the
increase in specific diseases, smog, decreased visibility
and many other unfavorable conditions .

Studies by the

Chicago Air Pollution Group (Carnow, 1968) showed changes
in severity of symptoms among people with respiratory diseases
as levels of sulfur dioxide changed.

It was not suggested

that sulfur dioxide was the only pollutant responsible for
the effects noted, but measurements of this pollutant were
used as an indicator of air pollution in general (Brodine,
1971).

The investigation found a definite increase in acute

bronchitis as sulfur dioxide levels rose from 0.09 to 0.20
parts per million.

This increase intensified coughing,

difficulty in breathing (dyspea), and purulent sputum .
Another study (Brodine, 1971) included 561 elderly people
and also showed a relationship between days of acute illness
and sulfur dioxide levels.
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It has been clearly established that death and illness have resulted from air pollution episodes.

In

Meuse Valley, Belgium during 1930, sixty persons died
and many became ill in a brief period of adverse meteorological conditions combined with a great deal of pollution.
The predominating symptoms were respiratory tract disorders
(Roholm, 1937).

It was estimated that the sulfur dioxide

content of the atmosphere was from 9.6 - 38.4 parts per
million .

A similar condition prevailed for seven days in

1948 at Donora, Pennsylvania .

During this time 43 percent

of the total population of the town was rendered ill, and
there were 20 deaths .

It was inferred that the sulfur

dioxide level had ranged between 0.5 and 2.0 parts per million
(Schrenk, Heimann, 1949).

Buchan and Charlson (1968)

suggested that particulate matter emitted in the exhaust
of automobiles causes visibility degradation.

Mueller,

et. al. (1963) showed that particulate matter is largely
composed of l ead compounds .

A combined environmental and

epidemiological study was undertaken in Los Angeles, Cincinnatti, and Philadelphia by the United States Department of
Health, Education and Welfare (1965).
following conclusions were made.

From the study, the

The blood lead levels of

people living in urban areas of the United States are substan-
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tially higher than in people residing in rural areas.

There

is a small increase in blood lead levels in cigarette
smokers as compared with nonsmokers and men tend to
have higher blood lead levels than women.

This study showed

that only 11 of 2342 individuals sampled had blood lead
levels equal to or in excess of 0.06 mg/100 mg of blood.
The borderline value for incipient lead intoxication is
recognized as 0.08 mg/100 mg of blood.
According to experiments conducted by Crocker,
O'Donnel, and Nunes (1970), benzene pyrene can produce
cancer in rodents and dogs.

These experiments also showed

an extract from the organic fraction of urban air particulates (benzene soluble fraction) to be toxic (Brodine, 1971).
The atmospheric particulates in rural areas include
viable particles primarily of three broad types - pollens,
microorganisms and insects.

Pollen grains as well as cer-

tain molds, spores, and plant rust are the major cause
of hay fever.

The microorganisms in the air include

algae, yeasts, bacteria, as well as spores of molds and
other fungi.

Insects and insect parts are found in vary-

ing numbers in the atmosphere (Jacobson, 1968).

Ellis

estimated in 1940 that 2 - 4 percent of the entire population of the United States suffered from hay fever (Service,
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1939).

Dingle (1957) conservatively estimated that there

were at that time about five million hay fever sufferers
in the United States .

Most patients had an uncomplicated

type of hay fever in which symptoms disappeared at the
ter mination of the pollen season.
This study is restricted to the determination of the
concentration of atmospheric particulate matter at
Prairie View , Texas .

Analysis wi l l be made of the atmos-

pheric particul ates to determine the presence of lead,
sulfate, and benzene pyrene.

MATERIALS AND METHODS

Atmospheric particulates at Prairie View, Texas were
collected from the atmosphere with sedimentation foil .

A

sheet of foil was cut into strips, l½ inch by 3 inches, and
25 cm 2 of each strip was coated with silicon SR 516 .

A hole

was punched in the uncoated end of the foil and a number
written on the same end .
2 , 066 to 2,130 .

The series of numbers ranged from

The foil strips, separated by pieces of maca-

roni, were placed on hangers, and allowed to air dry for twenty
minutes before being placed in the oven and heated for 30
minutes at 75°c .

Upon removal from the oven, each strip was

weighed before being clamped in metal holders which were
placed in plastic bags and stored .
Sedimentation foil strips were distributed in four
homes in Prairie View, Texas on December 15, 1970.

Two

strips each were placed in the dining room, kitchen, bathroom, attic, bedroom, basement, and an opened area of the
individual houses.

The holders were placed four feet from

the floor or ground and five inches from any horizontal or
vertical surfaces .

The holders were collected on January 15,
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1970, and each foil strip weighed.

The particulates were then

identified and analyzed for the presence of sulfate ions,
lead, and benzene pyrene.
A polarized microscope was used to identify the particulates according to the keys of Jacobs (1960) and Mccrone
(1968) .

The particulate matter was then analyzed for sul-

fate ions, l ead, and benzene pyrene.
The procedure used in analyzing the samples for sulfate
ions are those currently in use at Environment One Corporation
in Schenectady, New York (Doyle, Setzer, 1971).

One of the

sedimentation foil strips from each site was dissolved in a
6N solution of hydrochloric acid.

A conditioning reagent

made up of 95 percent ethyl alcohol, hydrogen peroxide, glycerol, concentrated hydrochloric acid, sodium chloride and
distilled water were added to the solution.

This solution

was used to adjust the spectrophotometer to zero prior to the
actual optical density readings that were taken after barium
chloride had been added.
Lead concentration was determined with the use of the
Atomic Absorption Spectrophotometer.

Lead standards containing

1, 5, 10, 15 , 20, 30, and 40 parts per million were used to
set up standards for calculations to determine the lead content of the samples from each site .
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The particulates from the remaining foil strips were
extracted with chl oroform.

Tri f luoroacetic acid and benzol

chloride were added to each solution .

The mixture was shaken

until it appeared to be homogeneous, and then allowed to
stand for three minutes before adding sulfuric acid.

The

appearance of a green color indicated the presence of benzene
pyrene (Jacobs, 1 960).

RESULTS AND DISCUSSION

Atmospher ic particulates were collected from the
Prairie View, Texas area with sedimentation foil strips
which were placed at various locations.

The samples

collected were used to obtain a measurement of the total
particulates and to determine the concentration of
sulfate ions,

lead, and benzene pyrene .

Concentrations

of particulates are given on a weight basis using the
units, micrograms per cubic meter or air (Tables l, 2).
Atmospheric concentrations of gaseous contaminants are
expressed as parts per million (Table 3) .
In determining the overall average, the values from
each site were used .

The overall daily average was de-

termined by dividing the overall average by 30 .

The

maximum daily average is the quotient of the maximum
average obtained for an area divided by 30 .

The attic

was the area with the highest overall average micrograms per cubic meter (Table 1) .

2500

The bedrooms have

an overall average of 50 micr ograms per cubic meter and
a range of 1000 to 4000 micrograms per cubic meter .

The

dining room had the lowest overall average of 1300 micro-
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grams per cubic meter with a range of 1000 to 4000 micrograms
per cubic meter, which is the same as the ranges for the attics,
basements, bedrooms, and kitchens (Table 1) .

The maximum

daily averages for the bedrooms, attics, kitchens, basements,
and dining rooms are 133 micrograms per cubic meter, which is
not as high as the maximum daily average for the bathrooms
(Table 1) .

The outside porch has the second highest overall

average of 2100 micrograms per cubic meter and a daily average
of 70 micrograms per cubic meter .
The attic has a high overall average which appears
to be unusual for an area that is seldom used.

The bathroom

has the highest maximum daily average which is not surprising
because it is the site of dusting powders, shaving powders,
shaving lotions, and perhaps, hampers with soiled clothes.
All of these may contribute to the total sediments in this
congested area.

The dining room's low average is probably

due to the fact that this room is seldom used and usually
kept cleaner than other rooms in the house.

A comparison of

these data with those obtained by the National Air Surveillance
Networks (Middleton, et. al., 1970) show the various sites
to be far below the maximum daily average in urban areas.
The latter is 600 micrograms per cubic meter.

The highest
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maximum daily average in this study is considerably beneath
the lowest particulate level at which adverse health effects
appeared in this country .

A study in Buffalo, New York

suggested an increase in the rate of mortality when the daily
level of concentration of particulate matter rose from 240
micrograms per cubic meter to 300 micrograms per cubic meter
(Winkelstein, 1967).
The types of particulates (Table 2) were identified
as fibers, pigments, granules, minerals, ashes, starch, and
pollen .

Many particulates were present on all foil strips

that could not be identified.

Fibers occurred in all outside

areas and in one living room (Table 2) .

Pigments and granules

occurred with the same frequency but differed in areas of
occurrence .

Ashes were found in one of the kitchens and

one of the bathrooms (Table 2) .

Minerals occurred in two

bedrooms, two kitchens, two bathrooms, two living rooms, one
basement, and on the outside porch (Table 2) .

The particu-

lates exhibited no marked pattern of distribution .

The

fibers were the most conspicuous ones and in many instances
showed a variation in colors and structural composition.
According to Mccrone,

(1968), the pollen content of the

atmosphere in Texas should be high from December through
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April .

In this study, pol len was not found in the houses

but only on the outside.
Sulfate compounds are emitted into the atmosphere by
many industr ial operations in which they may be present as
reactants or by- products.

Sulfur compound concentrations

provide better me a sures of overall pollution levels than
any other compound (Nad l er, Gold - smith, et . a l . 1970).

In

this investigation the highest concentration of sulfate ions
was found on the outside porch which had a daily average of
0 . 04 parts per mi l lion (Table 3 ) .

The daily averages for

the bathrooms, kitchens, and dining rooms are 0 . 01 parts
per million .

The l owest sulfate ion concentration level was

in the basement with an overall average of 0 . 10 parts per
million and a dai l y average of 0.003 parts per mil l ion
(Table 3) .

The sulfate ion concentration on the outside

porch is unusual l y high for the Prairie View, Texas area.
High concentrations of sulfate ions can usually be correlated
with industrialization of an area (Rohrman, Ludwig, 1965) .
The kitchen, dining room, and bathroom have the second highest
daily average .

This is probably because these rooms either

use fire constantl y or they are located near a fire .

Natu-

ra l ly these figures are probably high because the study was
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done during the winter and fire was used more frequently than
in the summer.

The low concentration of sulfate ions in the

basements is probably due to the low frequency of use
and the absence of many appliances.

In comparing sulfate

ions concentration in this study with that of other studies
(Bell and Sullivan, 1962, Toyama, 1964) the highest concentration in houses examined at Prairie View, Texas is far
from being dangerous to human health.

Bell and Sullivan

(1962) carried out a study in a region with predominant
pollution by sulfur compound concentration of 5 parts per
million.

In this area, there were complaints of respiratory

irritation and vegetation damage.

Toyama (1964) found that

1.5 parts per million leads to a transient increase of respiratory airway resistance.

In Japan, Watanube (1965) reported

an increase in mortality rate when the S02 concentration
rose to more than 0.7 parts per million.

The highest daily

average at Prairie View, Texas was 0.04 parts per million.
Sulfur compound concentration is the most frequent one studied
in air pollution studies (Tebben, 1968) and measurements of
this substance are used to determine the overall air pollutants in any particular area.
The highest concentration of lead is found in the
bathroom with an overall average of 0.39 micrograms per
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cubi c meter a nd dai l y aver age of 0 . 0 1 micrograms per
cubic meter (Tab l e 4 ).

The next highest averages are in

t he kitchen and the dining room - 0 . 24 micrograms per
cubic meter and 0 . 23 micrograms per cubic meter, respective l y.

The l owest l ead concentration was found in the

attic with an overall average of 0 . 04 micrograms per cubic
meter and dai l y aver age of 0 . 00 1 micrograms per cubic mete r.
Thehi.ghest l evel of l ead concentration was found in the
bathroom .

This was probabl y due to the many different

kinds of sprays that a r e used in the bath room which contribute to the sediments that were measured .

Insecticides

are the greatest source of lead inside the house in rural
areas (Corn, 1968 ).

The location of the attic apparently pre-

vented it from receiving much l ead from the exhaust of cars
and from various insecticides .

Most of the lead discovered

was probabl y a constituent of viabl e particles and synthetic
fibers.

According to studies by Stokinger and Coffin (1968),

an individual ' s normal exposure to atmospheric lead is 0.05
parts per million .
In the benzene pyrene analysis, color changes were
various shades of b l ue which indicated the absence of
benzene pyr ene or a l evel of concentration too low to be
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detected .

The Prairie View, Texas area is not a congested

one and it permi ts the dispersion of benzene which has probably been emitted in the area.
According to data collected in this study, atmospheric particulates in the Prairie View, Texas area is
far bel ow concentration levels which may be harmful to
humans .

In order to dete r mine whether or not the atmos-

pheric particul ate level of concentration is increasing,
subsequent studies need to be made at various intervals .
The sampl ing technique used in this study is different
from the techniques used in many others .

Most of the data

on suspended particul ates comes from studies which employ
the high vol ume sampl ers .

It is possible to use various

sampling methods listed as best by different authors to
sample the s ame contaminant in the same area at the same
time, and obtain different results.

Because this condition

exists, definitive compar ison of results remains unreliable .
The sampl ing method used in this study may be inadequate
for sampling dust particles which may clump together or be
dispersed so widely that they do not settle on the foil
strip (Barker, et . a l ., 1961) .

-

-
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There is a lack of uniformity in nomenclature,
presentation and interpretation of data in the literature .

Much work remains to be done on the standardization

of methodology for air pollution measurements.

SUMMARY

This study is concerned with the concentration of
atmospheric particulate matter at Prairie View, Texas .
Atmospheric particulates were collected from kitchens,
dining rooms, l iving rooms, bedrooms, attics, basements,
bathrooms, and outside porches in four houses in this
area.

The particulates were collected with sedimentation

foil strips during a thirty- day period -- December 15, 1970
through January 15, 1971.

More particulate matter was

collected in the basement than in any other site.

The

polarized microscope was used to group the particulates
into fibers, pigments, granu les, ashes, minerals, starch
and pollen.

Chemical analysis of the particulates was

made to determine the concentration of sulfate ions,
lead and benzene pyrene.

The highest concentration level

of sulfate ions was found on the outside porch and the
lowest level in the basement.

The bathroom had the highest

lead concentration values and the attics had the lowest.
This investigation revealed a low concentration of atmosIheric particulate matter which correlated with the low
concentrations of sulfate and lead.

The concentration level

of benzene pyrene was too low to be detected.
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In this study, it was reveal ed that the atmospheric
particulate matter in Prairie View, Texas is far below
concentration levels which are harmful to humans.

TABLE I
WEIGHT OF PARTICULATE MATTER ACCUMULATED
BY FOIL STRIPS FB.OM VARIOUS ROUSES
AVERAGE WEIGHT AND RANGE OF
PARTICULATE MATTER (micrograms/cubic meter)
SITES

OVERALL WEIGHT

HOUSES
I

II

2000(1000-4000)

Attic

III

AVERAGE

DAILY

AND RANGE

AVERAGE

AVERAGE

IV

3000(2000-4000

MAXIMUM
DAILY

2500(1000-4000)

83

133

2100

70

70

Outside Porch

2100(2100)

Bathroom

2000(1000-3000)

3000(1000- 6000)

1000 (1000-2000)

2000(2000)

2000(1000-6000)

66.~

200

Kitchens

1000(1000-2000)

3000(3000-4000)

1000(1000)

2000(2000-3000)

1800(1000-4000)

60

133

Living Room

2000(2000)

2000(2000)

500(0-1000)

2000 ( l 000-3000)

1600(0-3000)

50.3

100

1000(-2000)

2000(1000-3000)

1500(1000-4000)

50

133

2000(1000-3000)

1000(1000-2000)

1000(1000-2000)

1500(1000-4000)

50

133

1000(1000-2000)

1000(1000-2000)

1300(1000-4000)

43.3

133

Basement
Bedrooms

2000(1000-4000)

Dining Room

2000(1000-4000)

N
0
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TABLE 2
TYPES OF PARTICULATES COLLECTED FROM HOUSES

HOUSE NUMBERS
SITES

I

II

III

IV

Bedrooms

fibers
pigments
granules

fibers
minerals
granules

fibers
minerals
granules

fibers
pigments
granules

Kitchen

fibers
granules

fibers
minerals
granules

pigments
ashes
granules

fibers
minerals
pigments

Dining Room

granules

pigments
granules

pigments

Bathroom

fibers
granules

fibers
ashes
minerals

pigments
minerals
starch

pigments
fibers

Living Room

fibers
pigments

pigments
granules

pigments
minerals

pigments
minerals

Outside Porch

pigment
pollen
minerals
fibers
granules

Attic

fibers
pigment

fibers
pigment
granules

Basement

fibers
pigments
granules

fibers
minerals
granules

TABLE 3
CONCENTRATION* OF SULFATE IONS
IN SAMPLES TAKEN FROM HOUSES

HOUSE NUMBERS

OVERALL CONCENTRATION

SITES
I

Outside Porch

II

III

IV

1.10

AVERAGE

DAILY
AVERAGE

1.10

.04

Bathroom

.77

.35

.18

.18

.36

.01

Kitchen

.39

.49

.10

. 28

.32

. 01

Dining Room

.35

.35

.10

.45

. 32

. 01

Living Room

.28

.10

.10

.59

. 28

.009

Bedrooms

. 53

.01

.16

.28

.24

.006

Attic

. 35

.62

. 24

.006

Basement

. 10

.10

.10

. 003

*Parts per million

TABLE 4
CONCENTRATION* OF LEAD IN
SAMPLES TAKEN FROM HOUSES

OVERALL CONCENTRATION

HOUSE NUMBERS
SITES
I

II

III

Outside Porch

.22

Kitchens

.55

.22

. 01

Dining Room

.49

.09

Living Room

.03

Bedrooms

.02

IV

AVERAGE

DAILY
AVERAGE

.22

.006

.21

.24

.008

.02

.32

.23

. 007

.03

.16

.22

.11

.004

.20

.31

. 01

.14

.005

Attic

.00

.08

.04

.001

Basement

.21

.09

.15

. 016

.32

. 46

. 39

. 01

Bathroom

.42

.38

tv

w

*Micrograms per cubic meter
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